This study aimed to investigate whether plasma levels of high-density lipoprotein cholesterol (HDL-C) were associated with the risk of intracerebral hemorrhage (ICH). Plasma HDL-C was determined via enzymatic methods, and intracerebral hemorrhage was ascertained via medical history, physical examination and brain imaging (computed tomography or magnetic resonance imaging). The multivariable logistic regression model was used to calculate the odds ratios (OR) and 95% confidence intervals (CI) of ICH according to levels of plasma cholesterol. A total of 170 patients with ICH were identified from 6046 participants. After adjustment for conventional cardiovascular risk factors, the OR was 2.06 (95% CI 1.25-3.12, P<0.01) for participants in the first tertile of HDL-C levels (<1.38 mmol/L) and 1.13 (95% CI 0.72-1.78, P=0.59) for participants in the second tertile (1.38-1.64 mmol/L), as compared with participants in the third tertile (≥1.65 mmol/L). Subgroup analysis indicated that the detrimental effects of HDL-C were more significant in men and lean participants than in their corresponding controls, independent of hypertension. The results presented herein indicate that low plasma HDL-C (<1.38 mmol/L) may be associated with risk of ICH.
Introduction
Intracerebral hemorrhage (ICH) is a serious cerebrovascular disease worldwide (1) and has a fatality rate of approximatedly 35%~52% at 30 days. Fully half of these fatalities occur within the first two days (2) . The proportion of this subtype of stroke is high in China, accounting for approximately 38% to 55% of total strokes (3, 4) . Considering the high mortality rate, and the paucity of effective treatments, prevention of ICH is of paramount importance (5) . Identification of risk factors for ICH, especially modifiable factors, is the first step in prevention. Several modifiable risk factors such as hypertension and excessive alcohol consumption have been demonstrated to increase the risk of ICH (6) , but not all patients with ICH have these identifiable risk factors.
Abnormal lipid levels are among the list of candidate risk factors for stroke (7) , but their contribution to ICH remains inconclusive. This is especially true for plasma high-density lipoprotein cholesterol (HDL-C), which, along with low-density lipoprotein cholesterol (LDL-C), is a primary component of plasma total cholesterol (TC). A low level of TC has emerged as a risk factor for ICH in several prospective studies (8) (9) (10) and an association between LDL-C and ICH has also been reported (11) (12) (13) . Moreover, HDL-C improves endothelial function (14) and repairs vessel walls (15, 16) , suggesting that high levels of HDL-C may be protective against ICH. To date, however, few clinical studies have explored a connection between low HDL-C levels and the risk of ICH (17) .
This cross sectional study therefore investigated whether that low HDL-C might contribute to the risk of ICH. An association between plasma HDL-C and ICH would provide a new potential target for the prevention of ICH.
Methods

Participants
A community-based cross sectional study was conducted in seven local communities of Xinyang Inclusion criteria were as follows: 1) participants resided in a household in one of these seven communities for at least 3 months; 2) participants were aged 40 to 75 years; and, 3) participants were free of clinical ischemic stroke as well as coronary heart disease (CHD).
Participants were excluded if they had ischemic stroke, subarachnoid hemorrhage and/or CHD.
CHD was defined as the ninth International Classification of Disease (ICD-9, 1997), code 410-414; ICH, as ICD-9, code 431; ischemic stroke, as ICD-9, codes 433.0 to 434.9; subarachnoid hemorrhage, as code 430; and unclassified stroke, as code 436. All medical records and neuroimaging data (computed tomography (CT) and magnetic resonance imaging (MRI)) in subjects with a reported history of ischemic stroke, subarachnoid hemorrhage or ICH were examined by an Event Committee. Participants with systemic diseases, which were ascertained clinically and recorded in the medical history, were excluded as well. The systemic diseases were Two physicians on the Committee independently reviewed the data and decided whether the participants met all the inclusion or exclusion criteria. In cases of disagreement, a third physician was asked to resolve the dispute. Seven patients required this arbitration in 170 with ICH, and their data were included in the analysis because no significant differences were found whether these data were included or not.
Biochemical Variable Determination
Blood samples were collected after a 12-hour overnight fast in all participants, including ICH patients who had a prior history of ICH for a median period of 2 years (range: 1 to 5 years). All samples were analyzed for plasma TC, HDL-C, LDL -C, triglycerides and plasma glucose levels by enzymatic methods with an automatic analyzer (Hitachi 7060, Hitachi, Japan). All lipid levels 
Clinical Data Collection
Demographic data and vascular risk factors, including age, gender, weight, height, body mass index (BMI), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were recorded.
Blood pressure (BP) data analyzed in this study were obtained in all participants, including ICH patients who had a prior history of ICH for a median period of 2 years.
BP was measured three times in the seated position after a rest period of 5 min using a mercury column sphygmomanometer (18) ; an average of the last two readings was taken as the analyzed BP level. Medical history, alcohol and cigarette use were obtained from all participants using a standardized questionnaire.
Hypertension was defined as SBP ≥140 mm Hg and/or DBP ≥90 mm Hg on two visits, with the interval between the two visits of more than 2 weeks (19) . Alternatively, hypertension was defined as a history of hypertension with or without antihypertensive treatment (18) .
Hypercholesterolemia was defined according to the Adult Treatment Panel III guidelines (20) .
Family history of stroke was defined as a history of any of the patient's first-degree relatives (father, mother or brother/sister) having suffered a stroke (including fatal as well as nonfatal strokes).
Statistical Analyses
Statistical analyses were based on individuals with ICH divided according to the tertile category of HDL-C levels and other lipid profiles: TC, LDL-C and triglycerides. The participants were categorized into three groups of approximately equal number based on the distribution of TC, LDL-C and HDL-C levels. The distribution of triglycerides levels was skewed, and log transformation was used. Continuous variables were compared using the analysis of variance Two logistic models were used to calculate the OR of ICH in the subgroups divided according to plasma lipid profiles. First, age and gender were used as covariate factors for the plasma lipid group for calculation of the adjusted OR. Second, age, gender and other confounding vascular risk factors, including SBP, BMI, hypercholesterolemia, current smoking, current drinking and family history of stroke, were adjusted in the logistic regression model. In subgroup analysis stratified by gender, hypertensive status and BMI, the linear trend across HDL-C tertiles was tested by introducing the median plasma HDL-C concentration of each category as continuous variables within the multivariable models (21) . The departure from the linear trend was also evaluated. A two-tailed P-value of 0.05 or less was considered significant. Statistical analyses were carried out using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA.).
Results
At the beginning of the study, 7177 participants were enrolled. Among these, three patients with subarachnoid hemorrhage and 210 participants without plasma lipid analyses were excluded.
Finally, 528 patients with CHD, 331 with ischemic stroke and 59 with unclassified stroke were excluded. After exclusion of these participants, 6046 participants were available for the study ( shown in Figure 1 ). Of these, 170 patients were identified as having ICH.
Baseline Characteristics
To determine the relationship between plasma HDL-C levels and ICH, participants were categorized into tertile groups based on the distribution of HDL-C level as follows: <1. 38 Tertile-3: 8.0% vs.10.6%, P<0.01). No significant differences were found in family history of stroke or hypertension between HDL-C tertiles.
Inverse Association of HDL-C with ICH
The odds of a prior history of ICH decreased with increasing plasma HDL-C levels. ICH was more prevalent in the Tertile-1 group than in the Tertile-2 (3.97% vs. 2.45 %, P<0.01) and Linear regression analysis performed before the multivariable logistic regression analysis revealed no significant co-linearity between the continuous variables (age, SBP and BMI) and HDL-C (data not shown). The OR of ICH in the Tertile-1 group was significantly higher than in the Tertile-3 group (OR 1.88, 95% CI: 1.27-2.78; P<0.01) after adjustment for age and gender.
After further adjustment for SBP, BMI, hypercholesterolemia, current smoking, current drinking and family history of stroke, the OR of ICH in Tertile-1 remained significantly higher than in the 
Subgroup Analysis by Gender, Hypertension and BMI
The risk factors for ICH, including male gender, hypertension and BMI, were not distributed normally across the three HDL-C groups. Therefore, a stratification test taking these three factors into account was performed (shown in Figure 2 ). In the stratification test, the significant inverse association of HDL-C with ICH was only found in men (n=2179, P<0.01 for trend) and HDL-C levels conformed to an increasing dose-dependent relationship across the three tertile groups. The inverse association between HDL-C and ICH was also significant in subjects with low BMI (<25kg/m 2 , P=0.01 for trend), but no linear trend was documented in participants with high BMI (P=0.04 for departure). The inverse association of HDL-C with ICH was demonstrated among both hypertensive and non-hypertensive participants (P<0.01 and P=0.02 in hypertensive and non-hypertensive, respectively).
Discussion
The major finding of the present study is that plasma HDL-C levels were inversely associated with a history of ICH within the prior 1-5 years, indicating a potential risk factor of low plasma Previously, low HDL-C concentrations were found to be associated with the risk of ischemic stroke in a Japanese population (22) , as well as in elderly patients with diabetes (23) . The results from a study that employed English males as participants support the above conclusion, in which subjects with high levels of HDL-C (top-fifth percentile) had a 50% reduction in non-fatal stroke risk compared with subjects with low level of HDL-C (bottom-fifth percentile) (24) . Furthermore, in subjects with low levels of LDL-C attained through the use of statins, low plasma HDL-C correlated with the risk of cardiovascular disease (25).
Although the above mentioned studies are in favor of a detrimental effect of low HDL-C level on stroke risk, several studies contradict this view (26) (27) (28) (29) (30) (31) . For example, plasma lipids have been not associated with stroke in ischemic nor hemorrhagic stoke in a case-control study (26) .
However, the case-control study is different from our study in its antihypertensive trial design and inclusion of subjects with CHD and ischemic stroke. Other studies reported no association between HDL-C and ICH incidence (27, 28) or an increase in the risk of hemorrhagic stroke with high HDL-C (29). However, heterogeneity in patient ethnicity may set these studies apart from the current study.
The level of plasma HDL-C was also not a predictor of residual vascular risk in the rosuvastatin (30) and no significant association was found between changes in HDL-C levels and stroke reduction in a recent meta-analysis of statin trials (31) . However, the nature of lipid-lowering trials may be different from the population-based study described herein which had relatively few paticipants on lipid-lowering therapy. The pharmacologic increase in HDL-C levels may, in addition, result in a functionally distinct form of HDL-C compared with the -native‖ HDL-C that is the focus in the present study. To this point, the conversion of HDL to a dysfunctional form that is no longer cardioprotective may be involved in the increasing risk of CHD (32), although few confirmed methods have been identified to determine the function of converted HDL-C (33).
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In accordance to other studies (6, 11) SBP was confirmed to be the most important risk factor for ICH in the present study ( Table 3) . The results suggest the fact that the level of HDL-C may be a -natural‖ anti-hypertensive agent. This suggestion is also supported by a recent prospective study in which subjects with high-normal BP (130≤SBP<140 mm Hg or 85≤DBP<90 mm Hg) had a non-significantly higher risk of mortality compared with those with optimal BP (SBP<120 and DBP<80 mm Hg). The combination of low HDL-C with a high-normal BP has been associated with a two-fold higher risk of mortality compared with a optimal BP in the follow-up study of 7.6 years (34).
The vast majority of ICH is due to the formation of micro-aneurysms that are caused by the High HDL-C levels might reduce the risk of ICH by decreasing CAA, given that two-fold increases in plasma HDL-C levels attenuated CAA by approximately 50 % in mice (42) .
Strengths and Limitations of the Current Study
The collection of BP and HDL-C data at a median time of 2 years after the onset of ICH can be Second, survivor bias is a limitation of the present study, and the results must be interpreted with caution. The hypothesis may be advanced that the patients with ICH who survived to participate in the study had lower plasma HDL-C levels than did dead patients who died from the disorder and were consequently excluded from the study. However, the stroke prevention by aggressive reduction in cholesterol levels (SPARCL) study showed that low baseline HDL-C was the strongest predictor of recurrent stroke, including fatal stroke, in patients without a prior history of CHD disease (43) attenuating the hypothesis. Survivor bias can be reduced through the use of time-dependent covariate analyses in the follow-up studies.
The strength of present study is that it was performed in a large community-based sample of participants who did not employ many interventions to alter lipids profiles and/or blood pressure.
These interventions would likely have impact on the nature of relationship between HDL-C levles and ICH risk.
In conclusion, this study showed that HDL-C levels were inversely associated with a history of prior ICH. Hence, low plasma levels of HDL-C (<1.38mmol/L) may be associated with the delopment of ICH especially in men and in lean participants. Model 1 was used to adjust for age and gender.
Model 2 was used to adjust for age, gender, and other vascular risk factors including SBP, BMI, hypercholesterolemia, current smoking, current drinking, and family history of stroke.
Abbreviations are the same as for Table 1 . 
